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In this study, the effect of ageing temperatures in T6 heat treatment on the microstructural changing and mechanical properties of AA7075 were investigated. The samples were quenched after solution treatment at 485
• C for 2 h. The natural ageing was applied for 1 h, and then artificial ageing was carried out at five different temperatures (100-140
• C) for 24 h. Hardness measurements, microstructure, X-ray diffraction examinations, and tensile tests of aged samples were carried out. As a result of the study, the hardness values and ultimate tensile stress values were increased by increasing ageing temperatures up to 120
• C. Then it was decreased by increasing ageing temperature. Ultimate tensile stress values were compatible with hardness values and maximum ultimate tensile stress values were obtained in aged samples at 120
Introduction
7xxx series alloys are the most commonly used aluminum alloys in different fields of industry. They are widely used in defence, automotive, and particularly aviation industries due to advantages such as high strength/weight ratio and natural ageing properties [1] . Also, high solid solubility of zinc (Zn) and magnesium (Mg) in the alloy provides improved precipitation hardening and therefore improves strength [2] [3] [4] . It is possible to improve the strength of 7xxx series alloys using various heat treatment methods. The highest hardness value is obtained by the T6 heat treatment method. T6 heat treatment involves both the solution heat treatment and the artificial ageing treatment applied to the alloy following the solution heat treatment. These heat treatments are the most important factors improving the mechanical properties of the alloy [5, 6] . Ageing treatment can be applied both naturally and artificially. Second phase precipitates formed in the structure by ageing treatment improve the strength of the alloy [7] . This study aims to investigate the effect of the ageing temperature on microstructure, hardness, and tensile strength of the AA7075 alloy aged using five different ageing temperatures. Table I shows the chemical composition of the alloy used in the experimental studies. The specimens prepared for tensile tests were exposed to T6 heat treatment. The specimens were rapidly cooled after solution * corresponding author; e-mail: ijlalispir@karabuk.edu.tr treatment at 485
Experimental procedure
• C for 2 h. After natural ageing at room temperature for 24 h, the alloys were artificially aged at five different temperatures (100-140
• C) for 24 h. The hardness measurement of the alloys was performed using Affri System hardness measurement device, and the average of five measurements was taken. The alloys prepared by standard metallographic procedures were seared using Keller's solution for 10-15 s. JEOL JSM-6060 scanning electron microscope (SEM) was used for microstructure examinations and imaging fractured surfaces after the tensile testing. Rigaku D-Max Rint-2200 Series brand device was used for XRD analysis to determine phases formed in the microstructure. Figure 1 shows the microstructure SEM images of the alloys which were solution treated at 485
Results and discussion
• C and then aged at different temperatures for 24 h.
Microstructure SEM images of the AA7075 alloy aged at 100
• C (Fig. 1a) and 120
• C (Fig. 1b) given in Fig. 1 shows that second phase precipitates are formed in the structure. Microvoids (Fig. 1b) were also observed depending on the ageing temperature applied to the alloy. Characteristic structures obtained after T6 heat treatment included GP zones, metastable MgZn 2 precipitates, and stable MgZn 2 precipitates [8] . It was reported in a previous study that precipitates formed in the structure after ageing treatment both at grain centers and grain boundaries [9] . Figure 2 shows the X-ray diffraction (XRD) results of the AA7075 alloy aged at 120
• C, hardness and tensile strength variation in the alloys T6 heat treated at different temperatures.
The XRD results given in Fig. 2a shows that MgZn 2 formed in the structure of the alloy. Second phase precipitates are the most important factors improving the strength of the alloy. In some previous studies, it was reported that different phases such as Al 7 Cu 2 Fe and Al 2 CuMg formed in the structure in addition to MgZn 2 precipitates [8, 10] . In another study, it was noted that it is not possible to say that these precipitate phases have formed during the ageing treatment [11] . Figure  2b shows that the hardness values of the alloys, aged at different ageing temperatures for 24 h, increase by the increasing ageing temperature. The minimum hardness value (212 HV) was obtained for the alloy aged at 120
• C. This may be explained with the Orowan mechanism. The increased temperature in ageing treatment results in increased second phase precipitates, which hinder dislocations, thereby producing the maximum hardness value. Kalyon and Özyürek [12] noted that ageing heat treatment improved the strength of the alloy, which was a result of hindered dislocation movements by second phase precipitates. A decrease was observed in the hardness value of the alloy when the ageing temperature was increased further. An ageing temperature of 130
• C and 140
• C produced a hardness value of 191 HV and 184 HV, respectively. This indicates that the alloy entered the over-ageing period with the increase in ageing temperature. The further increase in the temperature leads to coarse second phase precipitates and decreased hardness value. The chart obtained as a result of tensile tests performed for the samples aged at different temperatures for 24 h (Fig. 2b) shows that the tensile strength increased with the increasing temperature. The maximum tensile strength value of 620 MPa was obtained for the alloy aged at 120
• C. This is due to precipitation of second phases dissolved in the supersaturated solid solution as metastable η (MgZn 2 ) phase with increasing temperature. A decrease was observed in the tensile strength of the alloy when the ageing temperature was increased further (130 • C and 140
• C). The tensile strength value obtained for the alloy aged at 140
• C was 584 MPa due to increased ageing temperature. This decrease in the tensile strength is a result of metastable η (MgZn 2 ) phase's over-ageing due to increased temperature. Mukhopadhyay et al. [13] reported that stable η phase (MgZn 2 ) formed in the structure led to a decrease in the tensile strength and the hardness of the alloy. Figure 3 shows the fractured surface SEM images of the AA7075 alloys aged at 100
• C and 120
• C after the tensile testing. The fractured surface SEM images given in Fig. 3a and b shows that although the planar fracture mechanism is observed, the ductile fracture mechanism was dominant on the fractured surface ( Fig. 3b and d) . It was observed that micro-voids in the structure of the alloy enlarged due to increased ageing temperature. Also, deep pits formed on the fractured surfaces. The formation of MgZn 2 precipitates in the structure of the alloy due to increased ageing temperature is an important parameter improving the strength of the alloy. As can be understood from the fractured surface images, this is also the reason behind planar fracture.
Conclusion
The following results were obtained in this study investigating the mechanical properties of the AA7075 alloy aged at different temperatures.
• It was found that second phase (MgZn 2 ) precipitates formed in the alloy's structure because of ageing heat treatment.
• The maximum hardness value was obtained for the alloy aged at 120 
